In this work, a new method to functionalize a gold surface by dip coating with a functional copolymer is presented. The coating procedure is simple, robust and can be accomplished in less than one hour. Atomic force microscopy (AFM) scratch tests reveal the presence of a homogeneous polymer coating with a thickness of 2.5 nm. X-ray photoemission spectroscopy spectra from C1s, N1s and O1s levels present the typical fingerprints of the polymeric overlayer, i.e. the characteristic peaks from CNC O and NC O groups.
Introduction
In the last ten years, we assisted to a great development of microarray analysis techniques for proteomics and genomics [1] . In this scenario a key-point is the chemical functionalization of different substrates (glass, silicon, gold) [2] for an effective and selective immobilization of bio-macromolecules such as DNA, oligonucleotides and proteins.
In particular, there is a strong interest in developing methods for gold surface functionalization, as this metal is widely used in biosensing. In surface plasmon resonance (SPR), a thin layer of gold on a high refractive index glass surface absorbs laser light, producing electron waves (surface plasmons) on the gold surface. This occurs only at a specific angle and wavelength of incident light which are highly dependent on the surface properties. For this reason, the binding of a target ligand to a receptor immobilized on the gold surface produces a measurable signal related to the concentration of the target [3] .
In electrochemical biosensors, an enzymatically catalyzed reaction, involving the target analyte, produces or absorbs electrons on the active electrode surface causing either electron transfer across the double layer (thus producing a current) or contributing to the double layer potential (finally leading to a voltage) [4] .
Several functionalization strategies for gold have been described [2, 5] and reference therein] including surface modification with silanes [6] and functional polymers. In SPR the unquestioned coating choice is based on dextran. A stable dextran layer is obtained by covalent binding of the polymer to a functional sublayer formed on the surface by self-assembling of a thiol bearing molecule. The characteristics of the dextran coated surface have been optimized and the quality of this coating has greatly contributed to the success of SPR technology. However, the procedure for binding dextran is cumbersome and requires multistep chemical reactions which may be difficult to control.
In the case of the dextran coating as in other bioassays involving gold [7] , the coating formation requires spontaneous assembly of chemically reactive alkene thiols leading to formation of so called self-assembled monolayers (SAM) [8] [9] [10] . By placing a gold substrate into a millimolar solution of an alkanethiol in ethanol a variety of chemically reactive groups can be introduced by a reaction between gold and thiols. This reaction is well-known and widely adopted due to the fact that it is straightforward and requires commercially available chemical reagents. In addition the binding between gold and thiol is very stable owing to its covalent character [11, 12] . However, the formation of a well-assembled monolayer strongly depends on the purity of the alkanethiol being used. The presence of even low levels of contaminants can result in a disordered, non-ideal monolayer. Unfortunately, typical impurities in thiol compounds are thiolated precursor molecules, not properly separated during the purification process [13] .
In this work we present an alternative approach to surface modification that is fast, robust and easy to perform even in laboratories that do not have a strong surface chemistry background. In particular, we propose a method based on a polymeric thin coating made of N,N-dimethylacrylamide (DMA) bearing silanating (MAPS) and chemically reactive (NAS) moieties: poly(DMA-NAS-MAPS). The copoly(DMA-NAS-MAPS) was developed for DNA and protein microarray assays on microscope glass slide [14] and on silicon [15] . As shown in previous papers [6] , the deposition by "dip and rinse" coating of a thin layer of this polymer represents a fast, inexpensive and robust method to covalently bind proteins and amino-modified DNA probes. In addition, the film is stable in aqueous buffers containing various additives, even at water boiling temperature and, due to its hydrophilic nature and high homogeneity, it minimizes non-specific biomolecular interactions. The last feature is highly desirable for surface recognition bioassays, for which specificity is difficult to achieve. Furthermore, the proposed method, employing non surface-specific material modifications, can be easily used also to form uniform coatings on many different materials other then gold, such as glass, silicon dioxide, silicon nitride and titanium dioxide [15] , thus being applied to different biosensing problems and techniques. This versatility can be particularly important in application employing sensors that consist of more than one material. The use of copoly(DMA-NAS-MAPS) allows the derivatization of all the different regions of the device in single step.
The morphological and chemical properties of this polymeric coating on gold surfaces have been studied by means of atomic force microscopy (AFM) and X-ray photoemission spectroscopy (XPS). These techniques reveal that the polymer is immobilized on the surface with the proper chemical composition and expected thickness. Furthermore we found a limited impact on the gold underlayer, thus allowing the use of the proposed functionalization method for techniques such as SPR. To demonstrate the compatibility of this derivatization process with standard bioassays, two different experiments have been carried out: a DNA hybridization experiment with chemiluminescence and surface plasmon resonance (SPR) to assay the binding of fibroblast growth factor (FGF2) in solution to immobilized heparin. Independently from the transducer employed, results comparable to those obtained with commercially available carboxymethyl dextran-functionalized sensorchips were obtained. This indicates the potential of the coating technique to implement robust protocols of biomolecules immobilization onto gold coated surfaces for biosensing applications.
Materials and methods

Chemicals
Tris(hydroxymethyl)aminomethane (TRIS), ethanolamine, saline-sodium citrate (SSC), ammonium sulfate, sodium dodecyl sulfate (SDS), phosphate buffer solution (PBS), N,Ndimethylacrylamide (DMA) and [3-(methacryloyl-oxy)propyl] trimethoxysilane (MAPS) were purchased from Sigma (St. Louis, MO). N,Nacryloyloxysuccinimide (NAS) was from Polysciences (Warrington, PA). Oligonucleotides were synthesized by MWG-Biotech AG (Ebevsberg, Germany). Streptavidin labeled by HRP (Horse Radish Peroxidase) from Jackson Immunoresearch. Heparin (13.6 kDa) was obtained from Laboratori Derivati Organici Spa (Milan, Italy). SuperSignal ELISA Femto maximum Sensitivity kit from ThermoScientific. Human recombinant fibroblast growth factor 2 (FGF2) was expressed in Escherichia coli and purified as described in [16] .
Gold surface preparation and derivatization
For initial tests, gold films on Si were prepared in-house. Silicon wafers were coated with 3 nm Cr (to promote gold adhesion) and 50 nm Au, by means of electron beam evaporation. Copoly(DMA-NAS-MAPS), whose chemical structure is shown in Fig. 1 , was synthesized and characterized as described in a previous work [17, 14] . The gold surface was treated for ten minutes in an Oxygen Plasma Generator (Harrick Plasma Cleaner) and then immersed for 30 min in a copoly(DMA-NAS-MAPS) solution (1%, w/v in a water solution of ammonium sulfate at a 20% saturation level). The silicon slides were then extensively washed with water and dried under vacuum at 80 • C for 15 min.
AFM measurements
AFM measurements were performed with a VEECO Innova AFM. The morphological characterization was carried out in tapping mode with 512 samples/line, frequency of 0.8 Hz and 4-10 m scan range. The thickness of the polymeric layer was evaluated by AFM-tip scratch test [18] . This technique consists in scratching the coating with the AFM tip while the normal force applied is set to a value high enough to penetrate the layer but low enough to avoid significant tip or substrate damaging. The scratch was made in contact mode onward and in lift mode backward (start height 0.3 m, lift height 0.3 m) with 30 continuous scan cycles, 256 samples/line, 62.75 Hz, 1 m scan range. After scratching, the area was imaged in tapping mode with the same tip used for scratching. In this way the area of interest is easily identified within the active scan area of the AFM.
XPS experiments
XPS experiments were performed in a multichamber ultrahighvacuum (UHV) system described in detail elsewhere [19] . Photoelectrons were excited by Al K␣ (h = 1486.67 eV) or Mg K␣ (h = 1253.6 eV) radiation, and analyzed by a 150 mm hemispherical analyzer (SPECS Phoibos 150). The angular acceptance set for this work was about ±6 • , and the spatial resolution was 1.4 mm. Two modes of operation have been employed: (M1) pass energy of 50 eV and Al K␣ line (total energy resolution of 1.643 eV) to evaluate the stoichiometry of the polymer; (M2) pass energy of 10 eV and Mg K␣ line (total energy resolution of 0.841 eV) in order to study the lineshape of the characteristic peaks. The energy scale of the spectra has been calibrated by measuring a Ta foil in good electrical contact with the sample.
Chemiluminescence test
A 23-mer, 5 -amine-modified oligonucleotide synthesized by MWG-Biotech AG (Ebevsberg, Germany), 100 M stock solution, 5 -NH2-(CH2)6-GCC CAC CTA TAA GGT AAA AGT GA, was dissolved in 150 mM sodium phosphate buffer at pH 8.5. A 10 M solution of this oligonucleotide was printed on coated slides to form a 15 × 15 array using a piezoelectric spotter (SciFLEXARRAYER S5; Scienion). Spotting was done at 20 • C in an atmosphere of 50% humidity. The oligonucleotides were coupled to the surfaces by overnight incubation in an uncovered storage box, laid in a sealed chamber, saturated with sodium chloride (40 g/100 mL H 2 O), at room temperature. After incubation, all residual reactive groups of the coating polymer were blocked by dipping the printed slides in 50 mM ethanolamine/0.1 M Tris pH 9.0 at 50 • C for 15 min. After discarding the blocking solution, the slides were rinsed two times with water and shaken for 15 min in 4× SSC/0.1% SDS buffer, pre-warmed at 50 • C, and briefly rinsed with water. An oligonucleotide, complementary to the one spotted on the surface, at a Fig. 1 . structure of the copoly(DMA-NAS-MAPS) bound to the gold surface. The copoly presents three functional groups: the polymer backbone interacting with the surface, the pending silane hydrolysable monomers that stabilizing the film and the chemically active monomers allowing the covalent binding of biomolecules.
1.0 M concentration (2.5 L/cm 2 of coverslip) was dissolved in the hybridization buffer (2× SSC, 0.1% SDS and 0.2 mg/mL BSA) and immediately applied to microarrays. The complementary oligonucleotide has the sequence 5 -TCA CTT TTA CCT TAT AGG TGG GC-3 and is labeled with biotin in 5 position. The surfaces, placed in a hybridization chamber, were transferred to a humidified incubator at a temperature of 65 • C for 2 h. After hybridization, the slides were first washed with 4× SSC at room temperature to remove the coverslip and then with 2× SSC/0.1% SDS at hybridization temperature for 5 min. This operation was repeated two times and was followed by two washing steps with 0.2× SSC and 0.1× SSC for 1 min at room temperature. Streptavidin labeled by HRP (Horse Radish Peroxidase) from Jackson Immunoresearch at the concentration of 1 g/mL in PBS buffer was applied to the gold surface for 60 min. After a short rinse in PBS and water, the slides were dried and chemiluminescence was developed using the SuperSignal ELISA Femto Maximum Sensitivity kit from ThermoScientific according to the manufacturer instructions. The chemiluminescence signal was registered at 0.2 s exposure time using a homemade set up equipped with a Q Imaging CCD Camera.
Surface plasmon resonance (SPR)
For SPR experiment, a naked gold sensorchip (Xantech Bioanalytics, Dusseldorf, Germany) was functionalized with copoly(DMA-NAS-MAPS) as follows: the gold chip was treated with oxygen plasma in a Plasma Cleaner, Harrick Plasma (Ithaca, NY, USA) to clean the surface. Immediately after the oxygen plasma treatment, the sensorchip was dipped in an aqueous solution of poly(DMA-NAS-MAPS) in ammonium sulphate at 20% of saturation level for 30 min, and then it was rinsed with DI water, dried with nitrogen flow and cured under vacuum at 80 • C for 15 min. The polymer was functionalized with streptavidin by spotting 1 mg/mL solution of protein dissolved in PBS using a piezoelectric spotter (SciFLEXARRAYER S5; Scienion). The merged spots, printed at 20 • C in an atmosphere of 50% humidity, created a continuous protein film. To promote the protein attachment, the chip was incubated overnight in an uncovered storage box, laid in a sealed chamber, saturated with sodium chloride (40 g/100 mL H 2 O), at room temperature. The functionalized sensorchip was positioned in a BIAcore X instrument (GE-Healthcare, Milwaukee, WI) and the surface was conditioned with 3 consecutive 1-min injections of 1 M NaCl in 50 mM NaOH before heparin immobilization. Biotinylated heparin [100 ng/mL in 10 mM HEPES buffer pH 7.4 containing 150 mM NaCl, 3 mM EDTA, 0.005% surfactant P20 (HBS-EP)] was injected onto the copoly(DMA-NAS-MAPS) functionalized sensorchip for 4 min at a flow rate of 5 L/min. Increasing concentrations of FGF2 in HBS-EP were injected over the heparin for 4 min at a flow rate of 30 l/min (to allow their association with immobilized heparin) and then washed until dissociation was observed. A sensorchip coated with streptavidin was used to evaluate the non-specific binding and for blank subtraction. After every run, the sensorchip was regenerated by injection of 2 M NaCl. Kinetic parameters were calculated by using the non linear fitting software package BIAevaluation using a single site model.
Results and discussion
Polymeric coating characterization
A copolymer of dimethylacrylamide, N-hydroxysuccinimide and [3-(methacryloyl-oxy)propyl]trimethoxysilane has been used to form, by dip and rinse coating, a thin film on the gold surface. The copolymer structure is shown in Fig. 1 , where relative molecular weights and molecular weight distributions of the copolymer were determined by gel permeation chromatography (GPC) in previous works [20] . It has three functional portions: (i) segments that might interact with the surface by week, non covalent bonds, van der Waals or hydrophobic forces (polymer backbone -DMA) favored by gold hydrophobicity, (ii) pending silane hydrolysable monomers that stabilizes the film by promoting condensation between different chains (MAPS), and (iii) chemically active monomers that react with amines present in the protein later chains allowing the covalent binding of biomolecules to the gold surface (NAS). This polymer forms a film on a number of materials of different chemical composition such as glass [14] , silicon oxide [15] and organic polymers [21, 22] . However, the specific mechanism by which the polymer forms a thin layer on the gold surface is not fully understood.
The AFM images taken from the gold and polymer modified surface are presented in Fig. 2 (panels a and b, respectively), for the case of Au/Cr/Si samples. The root mean square (RMS) roughness of the gold surface is about 0.36 nm on an area of 5 m × 5 m, while the polymer coated surface presents a RMS roughness of 0.60 nm. The minor roughness increase suggests a uniform and continuous polymeric coating mimicking the gold morphology. In Fig. 3a a representative nano-scratch image of the layer and in Fig. 3b some depth profiles (taken along the white lines) are shown. In the scratched area (1 m × 1 m) a roughness of 0.48 nm RMS is recovered. The comparison of the AFM phase contrast (data not shown) on the scratched area and on the overlayer, reveals that the two zones are made of different materials. This proves that the scratch has fully removed the polymeric coating. From depth profiles of Fig. 3b , we can then evaluate a layer thickness d = 2.5 ± 0.3 nm, consistent with the thickness evaluated by scratch tests performed on a SiO 2 surface coated with the same polymer [15] . An important characteristic of this polymeric coating is its ability to swell in aqueous solutions. The swelling, also present in other polymers, depends on the properties of the polymer of interest such as its molecular weight, as well as the environmental conditions such as temperature, or pH [20]. The chemical characterization of the polymeric coating has been carried out by XPS. Wide scans taken on coated samples show the characteristic peaks of four chemical elements: gold from the substrate and carbon, oxygen, nitrogen coming from the polymer. In Table 1 , the intensity ratios O1s/C1s, and N1s/C1s are shown, after normalization to the cross section, analyzer transmission and probing depth. To this scope, we normalized the peak intensity to the function f( ) = *(1 − exp(−d/ )), where is the electron escape depth [23] . The surface was analyzed at two collection angles from the sample normal: 0 • and 60 • , the last one providing higher surface sensitivity due to the finite escape depth of the emitted photoelectrons. The nitrogen and oxygen content, evaluated from the intensity of the characteristic peaks, are, respectively, 17% and 16% of that of the carbon. In the surface sensitive configuration (60 • collection angle) the signal coming from N1s decreases to 14% of that of C1s. Note that this decrease is close to the limit of the uncertainty of the XPS measurement (about 10% of the ratios between concentrations of different elements), but could be compatible with the presence of some additional adventitious carbon (e.g. physisorbed CO 2 ) at the surface. These results reveal a slightly higher carbon concentration with respect to oxygen and nitrogen, when compared to the expected atomic ratio for the copoly reported in Table 1 (19% and 20%, respectively), which may be due again to surface carbon contamination. This contamination arises mainly to the extended exposure of the sample to atmospheric environment before the measurements. A rough estimation of the amount of adventitious carbon can be obtained by comparing the measured and nominal N/C and O/C ratios of Table 1 : a value of contaminant of about 6% of the total elemental composition is estimated, consistent with data obtained on similar functionalization [24] .
The deconvolution of the C 1s peak shown in Fig. 4 allows disentangling the contributions from the different coordinations of C atoms in the polymer. The fitting has been performed with a Voigt line-shape for each component, with a fixed FWHM of 1.56 eV. This is consistent with the FWHM of the C1s peak from adventitious carbon, previously measured in the same experimental conditions on other samples [25] . Fig. 4 show common features. The main peak (A 1 ) is located at 285.6 eV and represents about 63% of the entire C1s signal. As it can be ascribed both to adventitious carbon (carbon partially bounded to O and N [25] ) and C C bonds, it cannot be unambiguously [ [26] [27] [28] The experimental weight of A 2 and A 3 are 22% and 15% of the whole C1s peak, respectively, but also in this case they can be only partially attributed to C atoms within the polymer, due to some possible CO and CO 2 contaminations contributing to A 2 and A 3 . These values must be compared with the polymer chemical structure, from which the relative weight of the different carbon bonds can be evaluated. In a nominal polymer coating C C bonds (contributing to A 1 ) represent 50.5% of the entire carbon bonds, C N and C O bonds (A 2 ) 31.5%, while NC O, O C = O, O CH 3 groups (indicated as OMe in the polymer chemical structure of Fig. 1) 18.3%.
The discrepancy between the expected ratios form the chemical formula and the experimental ones is consistent with the oxygen and nitrogen deficiency found in the composition analysis of Table 1 . Adventitious carbon contamination can clearly account for these results and prevents from a precise estimation of the coating composition via quantitative XPS analysis.
Finally note that, at 0 • collection angle (bottom panel of Fig. 4) , an additional feature (A 4 ) at 290 eV is needed to fit the C1s peak. Due to the increased probing depth at normal emission, this feature can be attributed to some contaminants far away from the surface, most probably carbonates on the bare gold surface which can form during the coating in wet environment.
Spectra at 60 • collection angle of N1s and O1s, are presented in Fig. 5 . Also in this case the peaks have been decomposed using Voigt functions with fixed FWHM of 1.62 eV and 1.53 eV, respectively, [25, 26] .
The N1s spectrum presents two characteristic contributions: the main one at 400.7 eV (B 1 ), corresponding to C N C and N C O bonds from the polymer [26] and a minor one at 399.1 eV (B 2 ), corresponding to C N bounds from adventitious carbon [29] . B 2 is only 5% of the entire peak and can be attributed to contamination from adventitious carbon, as already seen from C1s spectra deconvolution. Regarding oxygen, three features give rise to the O1s peak, but here the attribution is not straightforward. While the feature at 531.7 eV (C 1 ) is due only to NC O groups [26] , the prominent contribution at 533.3 eV (C 2 ) can arise from the overlap of the signals from H 2 O (533.3 eV), O CH 3 (533.2 eV) [28] and C O (533.6 eV) groups [30] . The minor feature at 534.9 eV (C 3 ) might instead be due to physisorbed CO 2 . All these features in the O 1s peak are consistent with the presence of the polymeric groups found from the deconvolution of N1s and C1s peaks, but a quantitative analysis here is prevented from the superposition of the characteristic signals.
In order to evaluate the impact of the polymer coating on the gold surface, we present in Fig. 5c the Au 4f peaks collected at 60 • in order to maximize the surface sensitivity. The continuous line represents a fit performed using the lineshape measured on the clean gold surface, before dip coating, in the same experimental conditions. The results seem to suggest that the gold surface is unchanged upon dip coating, without detectable traces of oxidization. However, previous studies have demonstrated that the Au surface can be oxidized by oxygen plasma treatments [31] , therefore we can not exclude that, at least a small portion of the methoxysilane on the polymer might condensate with oxidized gold atoms strengthening the binding between the polymer and the surface which primarily is due to non covalent interactions such as van der Waals or hydrophobic forces.
In conclusion, both the AFM scratch test and the XPS analysis reveal that a continuous polymer is immobilized on the surface. In particular XPS shows the presence of the characteristic chemical groups from copoly(DMA-NAS-MAPS) on top of a gold surface preserving its chemical integrity upon coating.
Hybridization experiments
A hybridization test was carried out to prove that the functional polymer bind amino modified oligonucleotides with great efficiency and low background noise. A simple DNA hybridization experiment was performed to prove that the coating has introduced chemical reactive groups on the gold surface. A scheme Table 2 The association rate (kon) and dissociation rate (k off ) are reported and the dissociation constant (K d ) was derived from the k off /kon ratio. The results on Carboxymethyl dextran are representative of two independent experiments with similar results.
Functionalization
FGF2/heparin interaction kinetic parameters: References [38] of a typical array experiment is shown in Fig. 6 . Replicates of an oligonucleotide ligand are spotted on the polymer coated gold using a piezoelectric spotter. After washing and blocking the surface unreacted sites, the array is probed with a sample containing a complementary target oligonucleotide labeled with biotin. A detection step with streptavidin labeled with horse radish peroxidase (HRP) is then performed. The hybridization reaction was revealed by chemiluminescence using an enzyme, HRP, that catalyses the conversion of the enhanced chemiluminescent substrate into a sensitized reagent in the vicinity of the molecule of interest, which on further oxidation by hydrogen peroxide, produces a triplet (excited) carbonyl, which emits light when it decays to the singlet carbonyl. Enhanced chemiluminescence allows detection of minute quantities of a biomolecule. The strong signal to noise ratio of the oligonucleotide spots proves that the surface bind covalently amino-modified DNA molecules ( Fig. 7) . Chemiluminescence was chosen to prevent fluorescence quenching that would have occurred labeling the DNA with a fluorophore [32] . In this approach, luminol, one of the most widely used chemiluminescent reagents, is oxidized by peroxide and it results in creation of an excited state product called 3-aminophthalate. This product decays to a lower energy state by releasing photons of light. The distance from the surface is enough to prevent quenching. Finally, to prove the practical exploitability of copoly(DMA-NAS-MAPS), a SPR assay was set up. Streptavidin was immobilized to a copoly(DMA-NAS-MAPS) -functionalized gold sensorchip and used to capture biotinylated heparin. Then, heparin immobilized to the gold surface was evaluated for its capacity to bind FGF2, one of the most important angiogenic growth factors largely studied for its heparin-binding capacity [33, 34] . Injection of 100 ng/mL of heparin onto a copoly(DMA-NAS-MAPS)/streptavidin-functionalized sensorchip allows the immobilization of 233 resonance units (RU) equal to 17.1 fmol/mm 2 of heparin. Relevant to note, in previous experiments, the injection of heparin onto streptavidin Fig. 7 . Chemiluminescence signals of oligonucleotide spots after hybridization with complementary oligonucleotide labeled with biotin followed by incubation with streptavidin labeled with Horse Radish Peroxidase. immobilized to a carboxymethyl dextran-functionalized sensorchip lead to the immobilization of comparable amounts of heparin (from 5.8 to 9.5 fmol/mm 2 ) [35, 36] . We then studied the capacity of copoly(DMA-NAS-MAPS)/streptavidin-immobilized heparin to bind FGF2. As shown in Fig. 8A , when immobilized to a surface via copoly(DMA-NAS-MAPS)/streptavidin, heparin retains its capacity to bind FGF2 in a specific way, as demonstrated by the absence of interaction with immobilized streptavidin. Increasing concentrations of FGF2 were injected over the heparin surface to evaluate the kinetic parameters of FGF2/heparin interaction. As reported in Table 2 , very similar values of dissociation (k off ) and association (k on ) rates and of dissociation constant (K d ) can be obtained from the analyses performed onto copoly(DMA-NAS-MAPS)-or carboxymethyl dextran-functionalized gold layers.
Conclusions
In this paper, a new method for functionalizing a gold surface with copoly(DMA-NAS-MAPS) is presented. The polymer is simply deposited by dip coating after an oxygen plasma treatment, followed by washing in water and drying under vacuum.
AFM scratch tests reveal the presence of a uniform polymeric coating with a thickness of 2.5 nm. The XPS spectra from C1s N1s and O1s levels present the typical fingerprints of the polymeric overlayer, i.e. the features arising from NC O and OMe groups. The chemical composition found by XPS reveals a slight deficiency of nitrogen and oxygen with respect to carbon. This can be due to a limited carbon contamination of the polymeric coming in wet and atmospheric environment. The analysis of the surface chemical properties of the gold substrate by XPS indicates no modifications induced by the coating process. The limited impact on the Au properties seen by XPS is confirmed also by functional tests performed on the polymer coated gold substrates.
Indeed, we showed the capability of the coating in the immobilization of biomolecules in different experiments. In particular, oligonucleotides were used as probes for the capture of complementary oligonucleotide strands detected by chemiluminescence. To assess the possibility to use copoly(DMA-NAS-MAPS) in SPR analysis, heparin was immobilized onto the polymer-coated gold surfaces of an SPR sensor and evaluated for its capacity to bind to FGF2, an important angiogenic factor. Three considerations can be drawn from the results of these experiments: (i) copoly(DMA-NAS-MAPS) allows the immobilization of heparin in amount that are comparable (if not higher) to those routinely immobilized onto different commercially available carboxymethyl dextran surfaces (i.e. CM5 and F1 sensorchips [37, 38] ); (ii) in our analyses, copoly(DMA-NAS-MAPS) turned out to be devoid of significant binding capacity, as shown by the very low level of aspecific binding of FGF2 to a copoly(DMA-NAS-MAPS) surface devoid of heparin (see Fig. 8A ); (iii) the specific binding of FGF2 to copoly(DMA-NAS-MAPS)-immobilized heparin occurs with kinetic parameters that are comparable to those measured onto commercially available carboxymethyl dextran surfaces ( Table 2) . This is at variance with the higher simplicity and robustness of the process we introduced in this paper, which could find applications in many different biochemical procedures.
